Noninfectious uveitis (NIU), which pathogenesis is often autoimmune nature, occurs as a symptom of systemic syndromes or only in the eye. The standard treatment of NIU is local, topical, and oral administration of corticosteroids (CS) in combination with immunomodulatory therapy (IMT). However, additional therapeutic strategies involving topical and systemic administration of CS or others to treat relapse or exacerbation of ocular inflammation in NIU which present as various ocular manifestations have not been established. The aim of this study was to investigate therapeutic strategies used for various ocular inflammations in relapse or exacerbation of NIU and to evaluate factors associated with the treatment pattern in Japan. The subjects were 198 eyes of 156 NIU patients with relapse or exacerbation of ocular inflammation at 6 university hospitals in Japan. The most frequent disease was sarcoidosis in 23.7% of the cases, followed by Behçet disease (BD) in 21.2%, Vogt-Koyanagi-Harada (VKH) disease in 13.6%, acute anterior uveitis (AAU) in 5.6%, tubulointerstitial nephritis and uveitis syndrome (TINU) in 4.0%, and juvenile idiopathic arthritis (JIA)-associated uveitis in 3.0%. Common ocular findings were worsened anterior inflammation (AI) in 67.2% of the cases, vitreous opacity (VO) in 46.5%, macular edema (ME) in 26.8%, retinal vasculitis (RV) in 23.7%, serous retinal detachment (SRD) in 9.1%, and optic perineuritis (OPN) in 4.0%. Reinforcement of betamethasone eye drop (ED) monotherapy for only AI in both unilateral and bilateral AI, sub-tenon injection of triamcinolone acetonide (STTA) for unilateral posterior inflammation including VO and ME, and systemic therapy using CS and/or IMT for bilateral anterior and posterior inflammation were significantly more frequent. Frequencies of exacerbated individual ocular findings in sarcoidosis and BD were similar, and severe ocular inflammation associated with panuveitis required both topical and systemic therapies. These results demonstrate that reinforcement of betamethasone EDs, topical administration of triamcinolone acetonide, and long-term administration of systemic corticosteroids are the major therapeutic strategies, and reinforcement of betamethasone EDs was used for exacerbated AI independently from its use for posterior inflammation. In addition, STTA was preferentially used for VO and ME associated with posterior inflammation.
Introduction
Uveitis is a term referring to diverse intraocular inflammatory disorders which cause visual disturbance, and irreversible damage due to ocular inflammation leads to partial or complete loss of vision. [1] The incidence of uveitis in developed countries is approximately 17 to 52 cases per 100,000 in a year, and prevalence estimates range from 38 to 714 cases per 100,000 in a population. [2] [3] [4] [5] [6] [7] Uveitis is responsible for approximately 5% to 20% of legal blindness in both the United States and Europe, and perhaps as much as 25% of blindness in the developing world. [5, [8] [9] [10] Early diagnosis and treatment are required to prevent vision-threatening irreversible tissue damage caused by uveitis and complications including cataract, glaucoma, retinopathy, and macular edema (ME). [11] The goal of uveitis treatment is to suppress inflammation before exacerbation and to maintain visual function. [12, 13] The pathogenesis of noninfectious uveitis (NIU) is often autoimmune nature and occurs as a symptom of systemic syndromes, such as sarcoidosis, Behçet disease (BD), and VogtKoyanagi-Harada (VKH) syndrome, or only in the eye. The standard treatment of NIU is local, topical, and oral administration of CS in combination with immunomodulatory therapy (IMT). The therapeutic strategies are determined based on impaired visual function, the severity of ocular inflammation, the clinical course of uveitis, risk of serious complications, the cause of uveitis, and the patients' background. On the other hand, since long-term use of moderate-to-high doses of corticosteroids can cause various adverse events in the eye (e.g., glaucoma and cataract) and systemically (e.g., diabetes, hypertension, and osteoporosis), [14] [15] [16] concomitant IMT agents are required for effectively managing severe NIU. [17] Although guidelines for NIU treatment were reported in 2000, [14] additional therapeutic strategies for relapse of ocular inflammation or exacerbation of NIU which present as various ocular manifestations have not been established. Requirement of rescue therapy using systemic administration of CS with IMT would differ between relapse and exacerbation of ocular inflammation in NIU with or without systemic diseases. It is important to understand current treatment patterns used by uveitis specialists. In the present study, we investigated therapeutic strategies used for various ocular inflammatory conditions in relapse or exacerbation of NIU and evaluated factors associated with the treatment pattern.
Materials and methods
A retrospective uncontrolled cross-sectional multicenter study was conducted by reviewing clinical charts using a study-specific questionnaire. The study subjects comprised 198 eyes 156 NIU patients with recurrent or exacerbated ocular inflammation treated at six university hospitals in Japan between January and December 2017. The institutional review board of each center approved the study protocol according to the tenets of the Declaration of Helsinki. Patient demographics, diagnosis of uveitis, concomitant systemic and ocular conditions, and therapy regimens were extracted. Ocular findings of relapse or exacerbation of uveitis were classified into anterior inflammation (AI), vitreous opacity (VO), ME, serous retinal detachment (SRD), retinal vasculitis (RV) and/or exudates, and optic perineuritis (OPN) including overlaps. The anatomical classification of ocular inflammation was based on the most severe ocular inflammation observed in each eye. If there were several ocular inflammations in the same eye during this study period, rescue therapy for the most severe grade of inflammation was indicated. A questionnaire was filled out by the ophthalmologist who treated the patients at each participating institution, and the data were collected and analyzed in National Defense Medical College. Statistical analyses were performed using JMP software package version 12 (Business Unit of SAS, Cary, NC). The chi-square test was used for analysis of patient background and the basic data, and Fisher exact test was used to compare data of individual treatments with ocular findings or the causative diseases. Logistic regression analysis was applied to detect correlation between ocular findings and therapeutic strategies. A P value less than .05 was considered significant.
Results

Backgrounds and characteristics of enrolled patients
Demographic and disease characteristics of patients enrolled in the present study are summarized in Table 1 . The age (mean ± standard deviation) at treatment was 50.3 ± 19.7 years (range Table 1 Demographic and clinical characteristics of patients enrolled in this study. Immunomodulatory agents were also used, with cyclosporine (Cyc) in 9 eyes (4.5%) and infliximab (Inf) in 10 eyes (5.1%).
Exacerbated ocular findings in unilateral and bilateral inflammation and the therapy used
Visual disturbance by bilateral exacerbated ocular inflammation is functionally and spiritually and mentally much more severe condition for NIU patients than unilateral ocular inflammation. Therefore, it is important to evaluate differences in ocular features and therapeutic strategies between unilateral and bilateral exacerbated ocular inflammation. Frequency of ocular findings in unilateral or bilateral ocular inflammation and the therapy used are shown in Table 2 . VO and ME were significantly more frequent in unilateral ocular inflammation than in bilateral ocular inflammation. SCI, STTA, and IVTA as topical treatments were used more often to treat unilateral ocular inflammation than to treat bilateral ocular inflammation with statistically significant differences between the use of SCI and STTA, although reinforcement of ED was used significantly more often to treat bilateral inflammation than to treat unilateral inflammation. On the other hand, systemic treatments such as S-cor, L-cor, corticosteroid pulse therapy (P-cor), Cyc, and Inf were used more often to treat bilateral ocular inflammation than to treat unilateral ocular inflammation, with statistically significant differences between the use of S-cor and Cyc.
Therapeutic strategies classified based on anatomical location of exacerbated ocular inflammation
Frequency of individual therapeutic strategies classified based on anatomical location of exacerbated ocular inflammation is shown in Table 3 . Statistically significant differences were noted in the reinforcement of ED, STTA, S-cor, and Inf among the 3 groups, wherein ED to treat AI with or without posterior inflammation, STTA to treat posterior inflammation with or without AI, and S-cor and Inf to treat both anterior and posterior inflammation were used significantly and more frequently
Frequent ocular findings occurred by exacerbated ocular inflammation in individual uveitis cases
Frequency of ocular findings occurred by exacerbated ocular inflammation in individual uveitis cases including overlaps are shown in Table 4 . AI was approximately 75% in sarcoidosis and BD, 50% in VKH, and 100% in AAU, TINU, and JIA-associated uveitis. VO was approximately 70% in sarcoidosis and BD, 25% in TINU, and less than 20% in VKH, AAU, and JIA-associated uveitis. ME was 30% to 40% in sarcoidosis, BD, and JIAassociated uveitis, and 20 to 25% in VKH. SRD was mostly in VKH. RV was 30% to 40% in sarcoidosis and BD, and 50% in TINU. The frequency of ON was less than 10% and was observed in sarcoidosis, BD, and VKH.
Therapeutic strategies based on ocular findings
Therapeutic strategies used based on individual ocular findings are shown in Table 5 . Reinforcement of ED monotherapy was performed in 58 eyes, which was significant more frequent applied for eyes with only AI (27 eyes, P <.005). On the other hand, STTA monotherapy was significantly less frequent in treatment for eyes with only AI (3 out of 37 eyes, P <.05) or AI and VO (3 out of 32 eyes, P <.05), however was significantly more frequent in therapy for eyes with only VO (8 out of 11 eyes, P <.005), VO + ME (4 out of 6 eyes, P <.05), and only ME (9 out of 14 eyes, P <.005). In addition, ED + STTA was applied for 16 eyes, in which eyes with AI + ME were the most significantly (5 eyes, P <.005). ED + SCD + STTA + L-cor was only used for eye with AI + VO + ME + SRD. ED + S-cor was administrated for 6 eyes, which was preferentially performed for eyes with AI + VO + ME (2 eyes, P <.05) or AI + OPN (2 eyes, P <.05). ED + L-cor + Cyc was applied for 3 eyes, in which 2 eyes are AI + SRD (P <.05). AI = anterior inflammation, Cyc = cyclosporine, ED = eye drop, Inf = infliximab, IVTA = intravitreous injection of triamcinolone acetonide, L-cor = long-term administration of corticosteroids, ME = macular edema, OPN = optic perineuritis, P-cor = corticosteroid pulse therapy, RV = retinal vasculitis, SCI = subconjunctival injection, S-cor = short-term systemic administration of corticosteroids, SRD = serous retinal detachment, STTA = sub-tenon injection of triamcinolone acetonide, VO = vitreous opacity. * Percentages. † P value was analyzed by Chi-squared test.
Takeuchi et al. Medicine (2019) 98:9 www.md-journal.com L-cor monotherapy was significantly more in eyes with AI + RV (4 out of 4 eyes, P <.005), or VO + SRD + OPN (2 out of 3 eyes, P <.05). L-cor + Cyc or P-cor was significantly more used for treatment of eyes with only RV (P <.05, P <.005). In treatment with Inf, Inf monotherapy for eyes with AI + VO + SRD (2 out of 16 eyes, P <.05) or AI + ME (2 out of 10 eyes, P <.05), and ED + Inf for eyes with AI + VO (2 out of 2 eyes, P <.05) were significant.
Therapeutic strategies based on the causative diseases
Therapeutic strategies classified based on the causative diseases are shown in Table 6 . ED + STTA for sarcoidosis in 9 out of 16 eyes (37.5%, P < 0.005), ED + STTA + Inf for BD in all 3 eyes (100%, P <.005), L-cor for VKH in 8 out of 20 eyes (40%, P <.005), L-cor + Cyc for VKH in 2 out of 4 eyes (50%, P <.05), and SCI for AAU in 2 out of 6 eyes (33.3%, P <.05) were significantly more frequent. TINU was treated by ED monotherapy (6 out of 8 eyes, 75%, P <.005) or ED + L-cor (2 out of 8 eyes, 25%, P <.05) with statistical differences. On the other hand, ED monotherapy was significantly less in treatment of VKH (1 out of 27 eyes, 3.7%, P <.005).
Correlations between therapeutic strategies and ocular findings
Correlations between ocular findings (AI, VO, ME, SRD, and ON) and therapeutic strategies (ED, SCD, STTA, S-cor, L-cor, Cyc, and Inf) analyzed using multivariable logistic regression analysis are shown in 
Discussion
Therapeutic strategies for relapse or exacerbation of ocular inflammation in NIU need to be chosen considering a number of factors. First, the extent of uveitis and associated inflammation including 1) unilaterality or bilaterality, 2) anatomical location within the eye, 3) severity of ocular inflammation, and 4) presence of active systemic disease.
Second, the etiology, which helps define the type of treatment required. Third, potential complications of the disease, irreversible tissue damage due to ocular inflammation, and/or adverse effects of the treatments. In general, local and topical treatments for exacerbated ocular inflammation are more common in unilateral and/or idiopathic uveitis, and systemic regimens are likely to be used to treat more severe cases or bilateral ocular inflammation due to exacerbation of posterior uveitis or panuveitis, especially those associated with systemic diseases. In the present study, reinforcement of ED was found to be used Table 3 Therapeutic strategies for anatomical location of exacerbated ocular inflammation. Cyc = cyclosporine, ED = eye drop, Inf = infliximab, IVTA = intravitreous injection of triamcinolone acetonide, L-cor = long-term administration of corticosteroids, P-cor = corticosteroid pulse therapy, SCI = subconjunctival injection, S-cor = short-term systemic administration of corticosteroids, STTA = sub-tenon injection of triamcinolone acetonide. * Percentages. † P value was analyzed by Chi-squared test. Table 4 Frequency of ocular findings occurred by exacerbated ocular inflammation in individual uveitis. Table 5 Therapeutic strategies for individual exacerbated ocular significantly more often to treat exacerbated AI, and less often for limited posterior inflammation such as SRD (Table 3, Table 5 , and Table 7 ). SCI and STTA as local treatments were used significantly more frequent to treat unilateral inflammation, and systemic administration was used more often to treat bilateral uveitis (Table 2) . On the other hand, reinforcement of ED was used significantly less frequent for unilateral uveitis than for bilateral uveitis (Table 2 ). One possibility is that AI was more frequently involved as an ocular finding in exacerbated bilateral ocular inflammation (73.8%) than in unilateral inflammation (61.3%), although there was no statistically significant difference. Second, it may result from the fact that VO and ME as posterior inflammation, which does not usually require reinforcement of ED, were significantly more observed in unilateral inflammation than in bilateral inflammation. Because of the heterogeneity in uveitis and wide geographical variation in both clinical features and disease etiology, it is challenging to compare estimated prevalence between different regions. [18, 19] Among the enrolled patients, 44.9% were male and 55.1% were female, with a mean age of 50 ± 19.7 years. The gender ratio was similar to that reported in uveitis prevalence studies from various countries, and the mean age was equal or higher. [5, 20, 21] The most common causative disease of uveitis in the present study was sarcoidosis, followed by BD, VKH, AAU, and TINU (Table 1 ). In agreement with our finding, the most frequent cause of uveitis identified in Japan in 2002 was sarcoidosis (13.3%), followed by VKH (6.7%) and BD (6.2%). [22] In uveitis prevalence studies conducted in 2009, the most common causative disease was found to be sarcoidosis (10.6%) followed by VKH (7.0%), but the third was AAU (6.5%) instead of BD; scleritis (6.1%) and herpetic iridocyclitis (4.2%) were next, and BD (3.9%) was the sixth. [23] In addition to this decrease in BD patient number in the recent decades, ocular inflammation associated with BD uveitis has been found to be less severity compared to that in the past. [24] However, repeated ocular attacks are characteristics of BD uveitis, with higher frequency and numbers than other types of uveitis. Therefore, although total numbers of BD patients are decreasing, it is not contradicted that BD is the second frequent disease in this study. ME occurs in approximately 40% of patients with intermediate uveitis, posterior uveitis, or panuveitis, [8, 15] and is the most common complication of uveitis leading to visual disturbance. It is also responsible for a third of the blindness caused by uveitis. [8] In the present study, ME was observed in 53 out of 198 eyes (26.8%). However, because 25 eyes were posterior uveitis and 28 eyes were panuveitis among the 53 eyes with ME, the incidence of ME in posterior and pan uveitis was found to be 34.9%, which is comparable with previous reports.
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STTA and IVTA are widely used in the treatment of ME and posterior inflammation associated with uveitis. [25, 26, [27] [28] [29] [30] [31] STTA for ME, VO, and ME + VO, and ED + STTA for AI + ME were significantly more performed, although IVTA was used only twice for ME and AI + VO + SRD (Table 5) . Although IVTA has been reported to be more effective to treat ME related to uveitis than STTA, [31] the incidence of intraocular pressure elevation is higher in the use of IVTA than STTA. [32] Therefore, STTA would be more likely to be used to treat ME and other cases of posterior inflammation than IVTA.
The ocular features and clinical course of uveitis in sarcoidosis are apparently different from those in BD; however, the frequency of individual ocular findings due to exacerbated ocular inflammation was similar between them, as shown in Table 4 . Further, although therapeutic strategies based on ocular Table 6 Therapeutic strategies for exacerbated ocular findings classified by the causative diseases. findings were consistent between them, there were some differences in therapeutic patterns of systemic regimens (Table 6 ).
In Japan, treatment of uveitis using Inf is approved only for BDassociated uveitis. Treatment of Inf for other kinds of uveitis including sarcoidosis is considered off-label use. Therefore, Inf was found to be used significantly more often to treat exacerbated uveitis in BD. Adalimumab was newly approved for treatment of refractory uveitis including BD at 2016. It is possible that use of adalimumab would increase for treatment of exacerbated ocular inflammation in NIU.
This study was limited to therapeutic strategies for recurrence or exacerbation of ocular inflammation in NIU, however, the use of IMT agents was fewer kinds and lower frequency compared with other reports. As well as biologics, Cyc is the only immunosuppressive drug authorized by the National Health Insurance of Japan for treatment of refractory uveitis and is used to treat various forms of ocular inflammation. Masuda et al conducted a randomized controlled trial of Cyc versus colchicine in BD patients and demonstrated that both frequencies of ocular attacks and severity of ocular inflammation were reduced more in Table 7 Correlations between ocular findings and individual therapeutic strategies. .9934 À1618-1.20 -AI = anterior inflammation, CI = confidence interval, Cyc = cyclosporine, ED = eye drop, Inf = infliximab, L-cor = long-term administration of corticosteroids, ME = macular edema, OPN = optic perineuritis, OR = odds ratio, RV = retinal vasculitis, SCI = subconjunctival injection, S-cor = short-term systemic administration of corticosteroids, SE = standard error, SRD = serous retinal detachment, STTA = sub-tenon injection of triamcinolone acetonide, VO = vitreous opacity.
Takeuchi et al. Medicine (2019) 98:9 www.md-journal.com the Cyc group than in the colchicine group. [33] Other studies have also indicated valuable anti-inflammatory effects of Cyc in patients with severe refractory posterior uveitis that included sarcoidosis, idiopathic RV, and BD. [34, 35] On the other hand, Cyc acts fast but takes 7 to 15 days from initiation to reach peak efficacy. [36] Therefore, Cyc would be likely to be used as rescue therapy to treat relapse or exacerbation of ocular inflammation in NIU, as found in the present study.
There were independent positive correlations between ED and AI, STTA and VO or ME, and S-cor and OPN. However, ED was negatively correlated with SRD. Sixteen out of 18 eyes with SRD were VKH (88.9%), of which only 4 eyes were AI (25%).
Because AI was observed in 13 eyes out of all eyes with VKH (48.2%), SRD was likely to have preferentially occurred due to relapse of ocular inflammation confined to the posterior segment.
Several limitations of this study, given its cross-sectional design, need to be mentioned. The results were analyzed with the only domestic data and the number of subjects was small. The subjects from 6 centers participating in this study do not cover all area in Japan. Data regarding therapy details, treatment characteristics based on the severity of uveitis, clinical course, residual visual functions, side effects, and systemic conditions were not collected as part of the study. Therapeutic patterns found represented only the practices of uveitis specialists who had agreed to participate in the study. Therefore, certain findings may have been different from the practices of general ophthalmologists.
Conclusions
The present study indicates the following with regard to the therapeutic strategies used for relapse or exacerbation of NIU in Japan.
1) Reinforcement of betamethasone EDs, topical administration of triamcinolone acetonide, and long-term administration of systemic corticosteroids were the major therapeutic strategies; 2) reinforcement of betamethasone EDs was used for exacerbated AI independently from its use for posterior inflammation; 3) sub-tenon injection of triamcinolone acetonide (STTA) was preferentially used for VO and ME associated with posterior inflammation; 4) STTA was provided equally for ocular findings in sarcoidosis and BD; and 5) a systemic regimen of corticosteroids was more common than local therapy in VKH.
Author contributions
